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•  Overview	of	GeneJc	Programming	
architecture	

•  Evolving	satellite	algorithms	
•  GP	evoluJon	of	ecosystem	models	
•  Twin	experiment	soluJons	
•  Future	DirecJons:	Moving	to	evolving	trait-
based	models.	



GeneJc	Programming	Overview	
1)  Generate	iniJal	random	populaJon	of	models/equaJons	
2)  Calculate	fitness	of	all	individual	models/equaJons	
3)  Randomly	select	based	on	fitness	for:	

–  Asexual	reproducJon	
–  Sexual	reproducJon	(i.e.	Tournament	SelecJon)	

4)  Carry	out	geneJc	mutaJon	(these	are	rare	events	~<1%)	
5)  Introduce	‘recruited’	individuals	[NEW	MODIFICATION]	
6)  Run	combinaJon	of	GeneJc	Algorithm/lmdif*	rouJne	to	

opJmize	the	model	parameters.	(*Golfing	Analog)	
7)  Calculate	fitness	of	new	individuals	
8)  Test	for	compleJon	criteria	(low	SSE	value	met?)	
9)  No:	go	to	3;	Yes:	end	program	



Binary	Tree	Architecture	

Examples	of	randomly	generated	ini$al	tree/lisp	structures	

Nodes	are	operators	(+,	-,	/,	*,	boolean,	etc)	
	
	
	
	
	
Terminals	are	variables	or	forcing		
parameters	



LISP prefix representation: 
(* Vm (* (/ N (+ (KN N))) (/ I (+ (IK I))))) 
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CalculaJon	of	Tree		
value	moves	from		
the	bokom	up.	
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Use	of	GeneJc	Programming		
to	Evolve		

Satellite	Algorithms	
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Applying	OC-4	to	a	weekly	averaged		
SeaWiFS	Rrs	global	data	set	yields……	
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Use	of	GeneJc	Programming		
to	Evolve	Ecosystem	Models	



Box Models 
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Ecosystem/Food	Web	Models	can	be	represented	as	a	matrix	of	terms/equa$ons	
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Lotka-Volterra	System				N=2	
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NPZ,	Franks	et	al.,	Mar.	Bio.	1986				N=3	
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Ecosystem	Model	Twin	Experiments	
•  Lotka-Volterra	EquaJon	Set	(2	system	ODE)	

–  Closed	system	model	dependent	on	I.C.	
–  Completed	

•  NPZ	model	of	Franks	et	al.	1986	Mar.	Biol.	
–  Open	system	box	model,	dependent	on	forcing.	
–  Completed	

•  Fasham	et	al.,	1990	Mixed-Layer	Model	
–  Mixed-layer	model,	dependent	on	forcing.	
–  Completed.	

•  Huisman	&	Weissing,	1999	[chaos	model]	
–  MulJ-species	box	model	with	chaoJc	soluJons.	
–  In	Progress.	

•  ECCO	Ecosystem	Model	
–  Global	randomized	ecosystem	model	with	varying	geo-located	
soluJons.	

–  In	Progress.	



GPCODE	Box	Model	Twin	Experiments	
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Fasham	et	al.,	1990	Mixed-Layer	Ecosystem	Model		
(BATS	Simula$on)	
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Progression	of	Fasham	et	al.	1990	Model	Twin	Experiment	SoluJon	

Poor	diversity	causes	too	quick	a	soluJon	
and	results	in	a	poor	model/outcome.	

Healthy	diversity	supports	a	conJnued	
evoluJon	to	an	opJmal	soluJon	for	
a	model	equaJon	set*.	

*Difference	in	SSE	levels	between	Le~	and	Right	panels	from	longer	(t)	soluJons	(N)	



“…the	simple	sad	fact	is	that	not	for	a	single	clone	of	a	plankton	
species	can	we	construct	a	model	describing	its	acJvity	under	a	
realisJc	range	of	environmental	condiJons.		This	is	before	we	
consider	the	impact	of	geneJc	diversity.”1	

1Flynn,	K.	J.,	Reply	to	Horizons	ArJcle	‘Plankton	funcJonal	type	modelling:	running	before	
we	can	walk’	Anderson	(2005):	II	Pu�ng	trophic	funcJonality	into	plankton	funcJonal	
types,	J.	Plankton	Res.,	9,	873-875,	2006			



Phytoplankton	Ecological	Func$on	

Adapted	from:	Litchman	et	al.,	J.	Plankton	Res.	(2013)	35(3):	473–484	
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Feeding																			Growth,	Reproduc$on,	Pop.	Expansion											Survival	

Body	Size	
Shape	(Volume	to	Biomass	Ra$o)	
Reproduc$ve	Fecundity	

Nutrient/Energy	Source	
Mixotrophy?	

Defenses	
Color	

Bioluminescence	Maximum	Growth	Rate	

Stoichiometric	Requirement/Content	 Senescence	

Mo$lity	(Pagern/Speed)	

Basal	Metabolic	Rate	

Ver$cal	Migra$on	

Photoacclima$on	
Pigment	Suite	

Sexual/asexual	Repoduc$on	
Reproduc$on	Frequency	

Microbial	Rela$onships	(Phycosphere)	



Phytoplankton	Maximum	Growth	Rates	

“Eppley	Curve”	

Eppley,	R.W.,	1972.	Temperature	and	phytoplankton	growth	in	the	sea.	Fishery	Bull.	70,	1063–1085.	



“Everything	is	everywhere,	but	the	
environment	selects*”.	

	

*Bass	Becking,	1934	

Follows	et	al.,	2007		

Moisan	et	al.,	2002		Moisan	et	al.,	2002		



Linking	parameters	to	traits	for	
diversity	and	acclimaJon	

Model	with	100	phytoplankton	groups	 Gaussian	Trait-based	model	(2-3	equa$ons)	


